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2 0 ^ 4 0 ~ ^ # 1^ ^ ^ ; 

^ ^ ^X'Tt^Hi^^ '■ Method for defining deep trench in substrate and 

multi-layer hard mask structure for defining the same) 

A method for defining a deep trench in a 
substrate. A multi-layer hard mask structure is 
formed overlying a substrate, which includes a 
first hard mask layer, comprising a first 
boro-silicate glass (BSG) layer andan overlying 
first undoped silicate glass (USG) layer, and at 
least one second hard mask layer, comprising a 
second BSG layer and an overlying second USG layer, 
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2 0 6 ~ ^ >t ,^ ^ ^ ^ M ^ ; 
20 7-^— 



- <i^r^B^M • Method for defining deep trench in substrate and 

multi-layer hard mask structure for defining the same) 

disposed thereon. A polysilicon layer is formed on 
the multi-layer hard mask structure. The 
polysilicon layer is etched to form an opening. 
The multi-layer hard mask structure and the 
underlying substrate under the opening are 
successively etched to simultaneously form the deep 
trench in the substrate and remove the polysilicon 
layer. The multi-layer hard mask structure is 
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multi-layer hard mask structure for defining the same) 

removed. 
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glass, BSG)^^^^^il^-?-^.^^'' 
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M 2 0 4: ^a. jri ° ^ t ' #L -s^ ^ 2 0 2 T * ^ >i: >:n: ^ f^rj 
^ ° # ^ ' £ ^ ;t ^ ^b -s^ .t 2 0 2 _L ;r 6^ ^b >t 2 0 4 ^ #'J 
ffl j& ;S -fb f= H v^L (low-pressure CVD, LPCVD ) ifn 

jri ^ ' 

^ ^ ' ^^#r^'t^202^204J^^>;^-|'^^^^^^ 
l# ;i=^2 0 6 = itb 4 ' ^ T ffi ^b a ^ ' # If- ^ itj - ^ S " 
T * ' If # as f 4 ffl ' ^ .% 7F itj ^ ^ 3^ * ^ -f^'i ^ - 

^ ^ ^£ ^ ^ ^A2 0 6 ® ^ * H ' ^ ^ ^ '■ - % - ^ A 

^ ' ^ — ^ ^ ^ >t 20 5 ^ * - sfc ( boro- . 

silicate glass, BSG ) ^ \ ^ Sl % ^ Jl ^ - ^ ^ ^ ^ 

5$ (undoped silicate glass, USG) M2Q f-Jj ° m 

y!|->^>^100i'J 400±^6^|&Sl ° i^#ll«j^?feJ^^20#^t^-# 
It HS- F:^ ^ ' ^ ^ 4 S FbI ' $rT^^m^^^^^\^ 

t ^ ^ -t- # ^ 5- ^ # Ifc 5^ 5^ ^ 2 0 1^ ffo # jL .ti _L 

% % ±. ^ - ^ m ^ ^ ^ ^ " m ^2>Q ^ 

M- ^\ . 2 m\ . 4. '4k ^ %l m ' ffn ^ # ^ 5^ ^ 4 0 ^ if- ^ 

^100 i'J 400^ 6^ IE.® ° itb4 ' m^^^^MlQ^^^^A^:^ 
^^um^m^S'^^M^O ' ^4 X 1 0^^ JiJ 8 X 1 O'^atom/cm^ §^ 

|& l ° ^ i"?'] t ' ^'J ^ # 1^ Jfe 5^ ^ 2 0 ^ 4 0 ^ # 
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^ ^5 2 Q 6 ^1 ^i. ^ >^ S Be ' !^ m ^ 0% ^ ^ ^1 

ffn ^ ^ ^ ^ ^ .6i 2 0 6 ;£^P ^ ^ - ^ ^ # 1^ - 

^ # 1^ ^ ' m M 10 ^ m }$. ^ ^ ^ ^ m ^ M 

3 0 ' ^ t ^ -si^ Jfe ^ 1 0 ^ # 1^ a ^ ^ 4 X 1 0^ ' I'J 8 X 1 0^^ 

atom/cm^ §^3 le, IS ' J. ^ ;t 3 0 ^ # ^ it >^ ^ 1 x 10^^ 

X 1 0'"a torn/cm^ ^ il ° 

T ^ ' If # ^ 5 il ' * #t ^ ih m ^ # m t- ^fe i?'J 

-^^-|'^^£^^^,^^*206 ^'J©:T^tBl ' : - ^ 

-;5^^:?.^;t205.S.t3i4^-L>5r^^|.^^^^^f.^^207 

° ^ i:b ^ ^ ^ ^ ^ m20 Q ^ ' :^-;s^.^f:^;t205^* 

— ^ -5^ 5^ ^ 1 0 A t5: S ^ _L ^ - # # 5S: 2 0 ^/t ■ 

5^^20^>!^.i^lOO^'i 400J^§^jie,ia ° 

' ^-:^^^:^^^^207^*-^«j^j^5^^30^ 
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5^ J- 4 0 >?- ^ .^t ^ ^ 1 . 2 5'J 1 . 4 m ^ft 6^ l£ B ' ffn - ^ 
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3^^^.tlO^#lfc?Jl.^Alt^a^5];?r^^^^^l^^^30 ' J-^4x 

I Qi' i'J8 X 1 O^'atom/cm^ ^ ^ m " ^ ^ t <H f ^ M ^ ^ # 
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i# ^ 4^ # ± ® ° # ' ^ ^ ^ 7t # li -f^ ^ ft- ^ ° ^ 
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g 20 M 



7t > ^n^mum . 

^ ^ ' ^ t ^ ^ 5^ >t ^ # 1^ >t >^ ^ ^ 

% ^ m ^ " 

21. t tf # |& fl ^20 m m ^ ^ - Jt t ^ A - 

>m # ^ ^ /"^ ' ^ t ^ — ^ 5^ >t ^ # 1^ >t >^ ^ 4 X 

1 0'" S'i 8 X 1 0'" atom/cm^ H. IS ° 

■M n ^ ^ yi: ' * t 1^ ^ ^ 5^ >t ^ # Ifc ^ 1 x 

1 0^' S'j 5 X 1 0^'atom/cm2 §^ II, S ■> 

>t # ^ :^ ' ^ ^ n^t in M ^M- ^^^.2m^.2> i$L m 

>^A- ran 

#(L 111 ° 
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% Ic 



\27 



114 



106a 

104 

102 

100 



% 2?i 



104 
102 

100 



% 2b 




% 



3c 



216 



204 
202 



200 



% 3d 
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I I 



40 
30 
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I I I I I I I I I I I I I i ! M I I i i I I I I I I I I .| I I- 



% A m 



20 ■ 
10 . 
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206 



I M I I I I I I I I I I M I I I I I I I I I I I 



40 
30 
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I M I I I I I I 



I III 



I M I I I I I I I I I I I I I I I I I I I I I M I ITTTT 



II II I I M I I I I I I I I I I I I I I.I I I iTf 



^ 5 



40 

30 
40 

30 

20 1 

10 



207 



207 



205 
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